Samples of the longissimus dorsi muscle were vacuum packed and stored at -20 °C for a period not longer than 60 days before physical and sensorial analyses. The meat was thawed on the night before the analysis, and all physical analyses were performed in triplicate.
Evaluation of meat quality
The surface colour of the longissimus dorsi muscle was measured after a 30 min-bloom at room temperature (Minolta Chroma-Meter, CR 300, Minolta, Japan). Colour measurements were taken in the CIE L*, a*, b* system (where L* measures relative lightness, a* relative redness, and b* relative yellowness) following the method described by Abularach, Rocha e Felicio (1998). The mean of three measurements was taken across the same cross section of muscle avoiding areas of connective tissue or intramuscular fat. The Colorimeter was calibrated with a red tile (Y = 15.6; x = 0.446; y = 0.313) before measuring colour. The measuring head was set to D65 illuminant with the 2º standard observer and an 8 mm aperture.
Weight loss due to cooking (LWC) was calculated by weighing cubes of muscle wrapped in aluminium foil and subsequently cooking them in an oven pre-heated to 170 °C until the internal temperature of the meat reached 71 °C (DUCKETT et al., 1998a) . For verification, a copper/constatan thermocouple model HD9218 (Delta OHM, Caselle di Selvazzano, Italy) equipped with a digital display was used. The samples were then allowed to cool at room temperature, patted dry with paper towels, and reweighed. Losses during cooking were calculated by the difference in weight before and after cooking and are expressed as a percentage (g.100 g -1 ). These samples were also used in textural analyses. rate of prolificacy and yields large amounts of high-quality meat (SHRESTH; FAHMY, 2005) . In addition, some producers have used the Anglo Nubian breed in crosses because it has both good meat and good milk (MADRUGA et al., 2009 ).
The most important quality characteristic of red meat, which determines the overall acceptability of the cut, is appearance (colour and brightness), which is responsible for consumer acceptance at the time of purchase and perceived softness. Various quality parameters, such as pH, water retention, and colour are interdependent and must be analysed together. The degree of quality varies according to the views and interests of farmers, food industries, grocers, and especially the consumer (MONTE et al., 2007) .
There are few published reports comparing the meat quality of crossbreeds of Boer, Anglo Nubian and Brazilian SPRD goats. Because information on the meat quality of Boer and Anglo Nubian goats has been directed at their countries of origin, and because the meat quality of crossbred Boer, Anglo Nubian and SPRD goats in the semiarid area of Brazil has not yet been established, the present study was conducted to investigate the quality of meat obtained from these crossbreeds.
Materials and methods

Animals and diet
The present study was conducted using 32 intact male goats from four crossbreeds of Boer, Anglo Nubian and SPRD: 8 purebred Boers; 8 ¾ Boer + ¼ SPRD goats; 8 ½ Boer + ½ SPRD goats; and 8 ½ Anglo Nubian + ½ SPRD goats. The animals were selected, based on weight, from the flock of the Pendency Experimental Station, which belongs to the State of Paraiba Agricultural and Cattle Raising Research Company -EMEPA-PB. The selected goats had an average weight of 18.0 ± 1.0 kg, and they were, on average, 135.0 ± 2.0 days of age. During the confinement period, the animals were identified, weighed, submitted to health control, and housed in individual cages measuring 0.80 m wide by 1.20 m in length with feeders and waterers were arranged along a hallway.
The animals were allowed 14 days to adapt to the stalls and diet. From this point on, the animals were kept in confinement under the same experimental diet (Table 1) , balanced in accordance with the requirements of the NRC (NATIONAL…, 1981) , until they reached the slaughter weight of 29.0 ± 2.0 kg.
At the end of the confinement period, the animals were submitted to solid fasting and free water for 16 hours; they were slaughtered in accordance with the RIISPOA standards (BRAZIL, 2008) . The carcasses were identified according to animal and genotype and stored in a cold room, where they were kept for 24 hours at 2 °C ± 0.5 °C. The pH and temperature of the longissimus dorsi, on the right side, were assessed at 0 hours, 1 hours, 5 hours, 10 hours, 15 hours, 20 hours, and 24 hours after slaughter with a digital potentiometer, model 205 (TESTO, São Paulo, Brazil), which was calibrated with buffer solutions at pH 7.0 and pH 4.0 (ASSOCIATION…, 2000). 
Statistical analysis
The data were submitted to analysis of variance (ANOVA) using the F test to compare the mean squares and to determine the significance of the effect of genotype in a completely randomised design with four genetic groups and eight repetitions using the statistical program Statistical Analysis System (SAS), version 6.12 (STATISTICAL…, 1996) . The averages were compared using the Tukey test at 5% probability. The statistical model is presented in Equation 1
(1)
Y ijk = observed value for each characteristic relating to animal genetic group i; µ = overall population; Gi = effect of genetic group i (i = 1,2,3,4); e ijk = random error associated with each observation ijk.
Results and discussion
Data on the production of goats during the feeding period are shown in Table 2 . Very similar carcass (12.7 to 13.8 kg) and non-significantly different carcass yields (49 to 46%) were found for the four crossbred genotypes, but ½ Boer + ½ SPRD and ½ Anglo Nubian + ½ SPRD goats had higher carcass yields than the pure-bred Boer and ¾ Boer + ¼ SPRD goats. However, the days on feed differ significantly (P < 0.05) among the four groups. The highest mean daily gain (166 g for the pure-bred Boer goats) resulted in the least time (63 days) necessary to achieve the final weight of 29 kg, but the difference in daily weight gain was not significant. The short period of confinement of the pure-bred Boer goats resulted from the selection of this type of goat for meat production.
The results show good performance in all the genetic groups studied; consequently, no significant differences were detected in the SPRD goats crossbred with Boer or Anglo Nubian breeds. The live slaughter weight of the animals was 29.0 ± 2.0 kg, which was reached during the confinement period ranging from 63 to 84 days. The variation in standard deviations occurred because some animals did not respond well to confinement since the daily gains in weight at the beginning of the experiment ranged from 150 to 200 g.
The pH decline curve (Figure 1 ) during the 24 hours post-mortem shows exponential behaviour, and it is more pronounced in the first few post-mortem hours. There appears The texture was evaluated by measuring the shear force (SF) according to methodology described by Duckett et al. (1998b) . Strips (1.3 cm × 1.3 cm) parallel to the muscle fibre axis were taken from each sample and sheared perpendicular to this axis using a Warner-Bratzler shearing (WBS) device equipped with a Stable Micro System TA-XT2 (Surrey, England). The crosshead speed was maintained at 20 cm/minutes.
To measure the water-holding capacity (WHC), a sample (approximately 1 g) of the ground raw meat was transferred into a centrifuge tube containing 20 mL of cold distilled water and submitted to centrifugation in a model 206BL centrifuge (EXCELSA, São Paulo, Brazil) at 10.000 rpm for 10 minutes. The supernatant was removed and its volume was subtracted from the 20 mL total volume. The result is expressed as a percentage of water expelled (MILLER; GRONINGER JUNIOR, 1978) .
For the sensory evaluation of the goat meat, the most important attributes to describe the quality of the cooked meat were selected: odour, colour, hardness, juiciness, flavour, and overall palatability. The sensory tests were performed by a team of nine trained judges composed of five men and four women (four were between 20 and 30 years of age, and three between 31 and 40 and two over 41). The team was previously selected and trained according to the methodology described by Stone et al. (1974) . The intensity of each attribute was evaluated on a ninecentimetre non-structured scale, which was anchored at the extremities with terms that express intensity (very and little) in three repetitions. The project was approved by the Ethics Committee of the University Federal of Paraiba (project number 157/2009), which is recognised by National Research Ethics.
Portions of 200 g were cut into cubes of 1 cm 3 , which were cooked using the same method described above for shear force measurements. Four randomly selected cubes of cooked meat were transferred directly into a pre-warmed, clean, 100 mL-glass beaker labelled with three-digit random numbers. The beakers were covered to ensure that the escape of volatiles and aroma was minimal and placed in an oven at 65 °C to maintain sample temperature between 65 and 70 °C.
The samples were offered to the panellists in three sections. In each section, the panellists were offered four goat meat samples, one from each treatment, followed by water and an unsalted cracker. The colour (visual appeal) of the goat meat was observed and scored by panellists in samples of fresh goat meat. 10.4 ± 2.8 11.2 ± 1..4 10.6 ± 5.1 10.7 ± 1.7 Mean daily gain (g) 165.6 ± 38.6 157.6 ± 24.0 126.5 ± 60.3 139.9 ± 23.6 Hot carcass (kg) 13.9 ± 1.1 13.7 ± 0.7 12.9 ± 1.7 14.1 ± 1.0 Carcass (kg)
13.6 ± 1.1 13.4 ± 0.6 12.7 ± 1. The rapid decline in temperature was probably due to by the small carcass sizes and low levels of subcutaneous fat in goats. According to King et al. (2004) , the decrease in pH in the first few post-mortem hours reduces the negative impact of low temperature on the hardness of the meat. Similar behaviour was observed in this work, as the first 5 post-mortem hours related to temperatures around 5 °C for the different genetic groups.
to be an efficient adjustment of the data around the regression curve, with R 2 values of greater than 70%.
The values of the temperature variation in the longissimus dorsi muscle are shown in Figure 2 . Like the pH curve, the curve of temperature decline also showed exponential behaviour indicating a rapid drop in the first few post-mortem hours but with a tendency to stabilise 5 hours after slaughter. (2005) reported that the variation in the values of the shear force reported by several authors can be attributed to differences in nutrition, age, and the final pH of muscle. In the present study, no variation in these parameters was observed between the genotypes. Similar values of SF were reported by Kadim et al. (2003) in the Longissimus dorsi muscle of Batin (7.22 kgf.cm -2 ), Dhofari (7.43 kgf.cm -2 ), and Jabal Khaddar (7.67 kgf.cm -2 ) goats. Gadiyaram et al. (2008) , studying the effect of electrical stimulation post-mortem on the meat quality of male Boer × Spanish × Kiko goats, reported SF values of 4.6 and 3.8 kgf.cm Only b* and L* were influenced (P < 0.05) by genotype. Changes in the light intensity of the meat are related to the physical state of the meat, the final pH of the muscle, the structure of muscle fibres, and the commencement of rigor mortis. The pure-bred Boer goats had higher lightness scores (L* = 40.3). These results were similar to those reported by King et al. (2004) , who found L* values of 44.8 for Boer meat. The b* (yellowness) parameter was low in the genotypes studied; it probably resulted from the low percentages of fat found in the goat meat (MADRUGA et al., 2009) ; the lowest fat content was found in the ½ Anglo Nubian + ½ SPRD goats.
The red (a*) intensity values were between 14.4 and 13.5 in the longissimus dorsi muscle, indicating a light-red meat, which can be explained by the fact that young animals were used for this experiment. The concentration of myoglobin is not high in young animals, but it increases with age (BONAGURIO et al., 2003; KOUAUKOU; GELAYE, 2001 ).
The WHC values were between 70.4 and 79.1 mL.100 g -1 , with no significant differences (p > 0.05) between genotypes. The similarity in the WHC values of goat meat in this study probably resulted from the similarity of pH values found among the genotypes studied; these values were also not influenced (p > 0.05) by genotype. According to Lanza et al. (2003) , even if small differences in pH values are detected, they generally produce changes in the WHC of red meat.
Similar results for post-mortem pH and temperature were observed in goat meat by Gadiyaram et al. (2008) , Kannan, Gadiyaram and Galipalli (2006) and King et al. (2004) , all of whom reported exponential behaviour most pronounced in the first 6 post-mortem hours. In fact, the 24-hour pH was similar for the four groups in the present study; the onset of rigor mortis occurred at pH 5.8 and constant temperature in the Longissimus dorsi muscle. The pH post-mortem in the present study was higher than the value reported by Monte et al. (2007) for goat meat of similar genotypes, in which the final pH of the cold carcass was 5.60, and no significance differences were detected between the exotic and SPRD genotypes.
According to the data shown in Table 3 , the physicochemical and sensory attributes of goat meat of different genetic groups finished in feedlot. There were no significant (P > 0.05) differences in the WHC or a* attributes of goat meat. The LWC, SF, b*, and L* values were significantly affected (P < 0.05) by the crossing. The differences found for LWC resulted from genetic differences between the groups because there was no variation in the final pH, temperature, or fat content (MADRUGA et al., 2009) Shear force (Kgf.cm -2 ) was similar (9.4; 10.2 and 9.1) among the three groups (pure-bred Boer, ¾ Boer + ¼ SPRD and ½ Anglo Nubian + ½ SPRD goats, respectively) and higher than that of the ½ Boer + ½ SPRD goats (7.4). According to Schönfeldt et al. (1993) , WBS values exceeding 5.5 would often be considered objectionably tough by both a trained sensory panel and typical consumers.
Among the ante-mortem factors contributing to meat quality, genotype is highly correlated with hardness (SILVA SOBRINHO et al., 2005) . Webb, Casey and Simela The colour (visual appeal) of raw pure-bred Boer and ½ Anglo Nubian + ½ SPRD goat meat was rated significantly (P < 0.05) better than that of the other two groups (Table 3) , which was a reflection of the darker red colour (a* parameter). Odour and flavour were also rated to be significantly different (P < 0.05) among the samples; the ¾ Boer + ¼ SPRD and ½ Boer + ½ SPRD were given the lowest scores (4.59) for these attributes.
The hardness and juiciness of the goat meat were the same for the four genotypes. Monte et al. (2007) reported that goat meat from Anglo Nubian and Boer crossbreeds, when tested by a sensorial panel, had lower hardness than SPRD goat meat. Lastly, with regard to the overall acceptability score, the four genotypes were rated nearly equal and were similar to the results reported by Dhanda, Taylor and Murray (2003) , Sen, Santra and Karim (2004) , Pratiwi, Murray and Taylor (2007) , and Madruga et al. (2008) . The data obtained during the present research suggest that the crossing of SPRD goats, a native genetic group with low genetic aptitude for meat production, with breeds selected for meat production, such as Boer and Anglo Nubian, can improve the sensory attributes of goat meat.
Conclusion
The crossbreeding of Boer or Anglo Nubian with genetic group SPRD goats, even when 50%/50%, resulted in a meat of high quality, as confirmed by high water holding capacity, soft texture, and low b* intensity. The favourable sensory evaluation of the meat indicates that the flavour, odour, and in natura colour of the goat meat were affected by cross breeding and the pure-bred Boer, ¾ Boer + ¼ SPRD, and ½ Anglo Nubian + ½ SPRD goats were considered to be equivalent in flavour.
